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COMPLETE SPECIFICATION 

Improvements in the partial! hydrogenatioB of Acetylene 
Compoianida 



We, Badische Anilm-&-Soda-Fabrik 
Aktiengesellschaft, a Joint Sitock Com- 
pany, organised amider ttlhe lams of Germany, 
cf Ludwig&hfaiflen on Rhine, Germany, do 

5 hereby declare itfhe invention, fear which we 
pray that a patent may be granted (to ns, 
and tine method by which it is to be per- 
formed, tjo be par&ioutaLy descrlilbed in and 
fcy the Mowing (statement: — 

10 This mvenitaion retes to a process (for fihte 
partial hyc^genation cf aoetytae compounds, 
mare tspecmcaHy to a process for die partial 
(hydraigmation of acetylene ccmpraamds m tdbe 
liquid pihaise in tribe passeaae of palladium 

15 caltoilysits. 

The pandiQil ihydiraBienialt&in off trijplle Mnteges 
tJd ethylene flmfeaiges in organic substances has 
c&en been described. A comprehensive survey 
of the state of the ant is to be found in 

20 Chem. Ind. Be%. 18 (1953), pages 1166 to 
1178 (A. de Oat). 

The catalysts ncirtmaiy- used for this pur- 
poise are the conventional hydirogeoaition 
catalysts, •such, as nickel or paiadiunL These 

25 catalysts, in coxier that tone particular purpose 
of a tpardal IbydimgenafiiJa shnosld be acmeved, 
are weakened in their activity by the addition 
of specM increments, such as afealies, -so that 
the tripile dinkaiges erne (hjydragenoted* where- 

30 as die double 'linkages aire hand&y affected. 

The activity of these catalysts k (however 
only reduced mo such an extent that olefinic 
linkages might also 'be hydrc^renated if oomcaot 
times cooisMeflabity Jioniger (flhan thoise necessary 

35 for parrtM (bydroigieoatim of the triple flAnfcage 
were used. To prevent any such undesired 
hydrogmsition the process is discontinued 
when a hydrogen equivalent has been- absor- 
bed for each (triple -linkage. 

40 AM chase [processes have die disadvantage 
that eitter the supply of hydrogen must be 
strictly regulated or, when the catalyst Is 
slircngjy deactivated, the hydrcigcnation <hq> 



petiaruires imuist 'be raised. In this latter case, 
eapecMLy when MghnboiJing acetylene com- 
pounds aire hiydmgenajted 3 die temperatures are 
raised to a level where appreciable tosses in 
yicllti. oioour fcy side reactions, for essmpile 
by .the «pfitaiaDg off of acetylene or hyckto- 



We -have now found that the partial hydro* 
genatiion of acetylene compound's can be 
directed *so tfa die absorption of hydrogen 
comes too a cflmpfiene s^aodts^l after the dioobk 
linkage has been fbinmeri, by oarrying out (the 
hydragenaimion iin the presence of a p alladium 
catalyst which Ihais been treated with a salt of 
a metal cf die 'groups Hb and/or Mb of 
the MendeleefT periodic system. 

The pailadiifum catalysts used in die prac- 
tice cf our invention can be made of finely 
divided panaritium nraail which hats been 
obtained from palladium compiounds, such as 
the oxides or salts, by reducing treatment, for 
example with- (hydrogen or foomaiidehyde, oi 
by pynofiysals of organic piaMadium componandis. 

The cataHysts are prepared ( by treatkug a paili- 
iadium metajl of die type obtained in lihe saM 
manner eidier iby ditiself or appfad to one of 
the koown toge^sorfiaced cairdiers, ais for 
exampiJe caJcium oarbonate 3 barium carbonate, 
bariium ^uipbate, active carbon or ssLfca ged, 
with an aqueous or organic -soikution cf a salt 
cif a mdnai of tone groups Hb and/or IDSb 
of the Mcndaleeff periodic syarem. These 
macaUss of the giroups IEb and HEb of flhe Men- 
deSeeff periodic system have tlhe fanction 
of deactiivaiDcirs. Suitabile deacavaiors of this 
type are zinc, icadimkim, mieroury 3 gallMami, 
indium and thallium. The molar ratio of 
paiMladiium catalyst to deactivator lies pmefer- 
afcfly between 0.01 and 1 mod cf deactivator 
per 1 mol cf pa&dktm. The mol catio, how- 
ever, varibs consickoTalblly, If zinc is used, for 
exairnplfc, the mol ratio may be from 20: 1 to 
1:20. The deactivating action dimdnashes as 
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tihe atomic number of metals increases. There 
is dKrefcre a canisiderabie difference in tine 
deactivating action between zinc and cadmium. 
Gare music be exercised when adding cad- 

5 .miin.TTi j as mAmviwn anay deactivate the catalyst 
completely. Far tire preparation of itihe 
catalysts, i.e. for predpitatraig ffbe cfeadtiva- 
icotrs on tire paMa'dium metal, salts of these 
deactivator merfs, in which die metals are 

10 contained as ions, axe used. Especially suitable 
are dhs salts of bydrobabc acids, sulpburic 
arid, nitric acid, and also of organic acids, 
especially fetty ariids, as for example fcrnnie 
aadj acetic acid, propionic add, butyric acid, 

15 and bigjher ferny adds, also -the sa&s of di- 
caifeosyflic acids, e.g. ofxaKo acM, masonic 
acid, succinic acid, or adipic acid. It is 
advantageous to one uhe wateraoJuble ox 
ataboiHsoiubflfe sallies of the said (metals, for 

20 example zinc cMood-e, zinc sufobate, zinc 
nitrate, mc foianate, zinc acetate, sodium 
zincaite, flirr tr " r ™ (ntrn tetracMojtozmeate, cad- 
mium cMoride, mercuric acetate, mercuric 
chloride, mercuric, sulpbaioe, mercuric ace- 

25 saimilde and ccmre£|mding meoxaircus safe. 
Thail'mm (I) cyanide, itiiiaidiimi (II) cbloride, 
trrfium (TFT) nitratte, the OHrespondinig satrs 
of indium and gallium may also b e; used. 

The metal salts can be deposited on ifhe 

"SO" caitalyst by .predipiiiiaition or afcorption. This 
tjrea&rnent can take plaice before, during or 
after die reduction of the paikdium catalyst. 
The catalysts can be used by fflhemseflves or 
jjajccipitatjed on carmens. 

35 The catalyst is preferaHy kept m a moble 
state during (the bydaxjigenation. In die usual 
case this can easily be effected by shaking 
the reaction vessel or by the -leading in off (the 
hydrogen. 

40 The process in accordance witib ©uir in- 
vention cant ibs used for the selective bydro- 
^naitica of a£ carbon tri^ . linkages, die so- 
called acatylene [linkages, ije. the hydro- 
genaitaon, wben camried out by this pmcess 

45 does not go* furaber ttban- (Do tiie carbon double 
iinfcaige, the soHcalfed ethylene linkage. The 
hydrcigenaicBcai is selective, mo maiiter wbat 
compound die carbon trijple linkage is con- 
tained in. 

50 ' The process as suitable both for tthe paiftM 
hydiogeniation of simple acetylene compounds, 
as for example acetylene hydrocarbons, acety- 
lene alcdholis, acetylene glycols, acetylene 
antines, acetylene amino alcolhds, acetylene 

55 cairlboxylic acids, which, contain only one triple 
Mnicage to die cctnresponding etbyflsne com- 
pound's, and aliso for the sdective and patrtiafl 
bydrogenation cf compounds which contain, 
besides the acetyleue linkage, also one or 

60 more o'Jher unsaturated ciLennic or acetylenic 
gaseous acetylene compound can be buhfcned 
through a rnix'ture or suspension of the caicaHyst 
in a suitable solvent. In passing througjh Che 
bydrogenation zone vtfhcirih preferably as a 

65 column of ihqiuid the (triple dinkage of the 



acetylene compound is coinpdiejoeiiy bydirogena- 

tE'd. 

It is pirefecafcie «o add ammonia or a basic 
amine, evg. a primary, secondary, or certiary 
afebanic ainirie, pyridkLe or quiiialine, during 70 
die bydrogensftion pioress. Ammonia may be 
added befit in aqueous solution and in the 
gas (phase. Quartsmary ammonium sates in 
the presence of afeft may also be employed. 
In nydrojgen f aitiog methyl biutino'l for inistance it 75 
is advant'ageous to add a strongly basic amine, 
or .preferalbCy ammonia. In bydrogenaicinig other 
compounds aminejs of lower baaciity are added'. 
Adowioni9 of even small quantities of amines 
produce satisfactory results. Often the audi- 80 
(ion of 0.0001 mcl of amine to «he acatylene 
compound <tx* be bydrogenated is sumcient. 
Additions of ccn>sSdeirajbfy larger quantilties of 
amines aire n'ot detrimental to tbe process. 
Amines may be added up to a molar ratio of 85 
acatylene aoimpoiund «o amine of 1 so 1, 
especially if <tkc amine used samuJitantausly 
serves as a solvent. In this case itbe bydro- 
genaiaon process can be carried out with 
amine in a large excess. 90 

The bya^ogemation can be carried out in Che 
presence of water or organic solvents, for 
example aicebcis, ethers or hydrocarbons. It 
is also possibilie 'however 'to byctogenaite in to 
absence of sclvenfcs. 95 

The bydrogenation can 'be earned out 
"within a wide temperature range, e^g. from 
0° co 150° Q it "is advantageous to work 
at room itfimnsraflure or shgbrly elevated 
temperaitjuine, &r example up »to 80° C. 100 
The bydrogMiaition may be cauried out e&ber 
at normal pressure or at increased hydrogen 
pressure, for example up to 30° atmospberes. 
.. In many cases it is necessary to lead away 
hy -coding die beat developed during lbs 105 
bydrogeniation. 

The absoirption of hydrogen: comes 00 a 
complete standsitiM after die calculated amount 
for tbe pairti^ bydrogenation cf the triple 
Linkage bias been trsacbed. The end point cf HO 
tihe pairaM bydrogenation may be ensured by 
exposing the reaction mixture for a few more 
hours mo able bytoigenaitirm conditions. No 
attack rafces place on the double linkage 
formed or on any doubJe linkaiges already 
piresent. 

The fclldowinig examples will further illus- 
Cnate •tbis dnventi'Dn but die invention is not 
restrioted to these examples. 

Example 1 120 

A p'aH : l!aidiium catalyst wbicb cenrsms 12 
grams of palladium on 300 grams of calcium 
cBrbonaire is stinred wsitb a solution of 100 
grams of zinc acetjate in 500 grams of waiter 
and tihe mixture beatsd itio boiimg. It is fi&eced 125 
off and tihe catalyst dried in tie air. 

Ibis catalyst is suspended in a mixture of 
3,040 grams cf 2.6-damsthyl-octene-2-ine-7- 
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oJr6, 5,000 grams cf cydobexane and 200 
grams of pyridine in a stinnkiig vessel. The 
suspension is mreaoed with hydrogen, dhe 
absorption being measured with a gas meter, 
I The tampetraitame is kept at 10° to 20° C 
After about 490 iitinas of hydrogen; kmc to 
absorbed, die whole is stirred for anoitiher 
5 tours, no further absorption of hydrogen 
talcing pil'ace. 

10 The ireaiGtiion ptrradiuot contains 3,080 of 2.6- 
dSmenihylHO^^ ije. about 100% 

of ithe theoretical yield. After fikeriinig off the 
catEJLyist, the pure product of boiling point 
95° C./20 Tnfm is dhtaiined by cliistiliaiicn. 

15 Hie ihrocoi'die absorption cweapOiDids ito rihe 
theoreitiical value. A mpte. linkage can ao 
longer be deflected. The catalyst recovered 
can often be used with constant resute. 

Example 2 

20 15 gram's of the catalysft described in 
Exam/pie 1 sine issusjp;eeded an a (mteme of 86 
grams of butiiae-2-^oiH.4 and 240 giraims of 
merihanol. The mtbature is treated wMi hydro- 
gen, whereby alt tats up to 30° to 40° C. 

25 After the itjhearetical amount of hydrogen has 
been used up-, die aibtsocpitfrni ceases compkmdky 
and the itempCTature MLs. 

Hie reactSoa anmuirie contains 88 'grams 
of ibuirane^2-dsolM .4, ie. lafcout 100% of the 

10 theoretical yield. The reaction inixitiure is dns- 
difcd aod a pirmica% quaoidtive yield of 
biitene-2^d5oi-1.4 of boafliag point 132° C./12 
mm is obtained. This product as found vq 
contain 97% of die cssnSoirim aod 3% of die 

IS transform by infira-red analysis. 

Example 3 

30 ©rams of the catalyst described in 
Example 1 are ssuspamfed in 168 grams of 
2-methy^utine-3HC^2 and 10 grams of qoiin- 

40 cfline and tihe mixture tneated at 20° C. with 
bydrcigen untH no fhintiher absorption (takes 
place. Afiter dbrJteioinr, 163 gmaims of 2- 
marbfyMiuEene^ -cik2 of fooMing point 96— 
98° C./755 mm. aire obtained, &jx 95% of 

45 tibe .dheoa^rioal yidd. 

Example 4 

A palladium caiiallysit wbach contains 0.6 
gxiam oif paHadiium on 15 grams of oakLum 
cairbomite -its suspended in 100 grams of waiter 

50 and sUnrnred and heated to boiling wMi a tsoilu- 
tioa» of 0.9 igtiam of cadtmiium acetate in 50 
grams of water. Afar ©taring off and drying, 
the catalyst is suspended in a mixJUutDe of 
250 ©rams of cydolhexane, 20 grams of 

15 dine and 152 grams of 2.6^dimedhyl-o)Otene- 
2-ine-7-cil~6, and irne wboiLe treated at 15° 
to 20° C. with hydrogen until 1 moi of 
hydrogen has been absorbed for each araytae 
linkage. 154 grams of 2 .6-d5medhyl^xcm ; diien!e^ 

60 2.7-oI-6 are obitaninied (as described in Example 
• l\ ije, .about 100% of the ttarejtiaaa yield. 



Example 5 

A paiMadi/um catalyst, w(hajah 
grams of paiHadifum cm 150 grams of calcfrTni 
carbonate, is stilrffled witfh a solution of 1 65 
gram of mercuric acetate in 500 grams of . 
water and heated to bo ling. Afar filtering off 
and drying, tniis catailyst is mixed with 1,520 
gfnams of 2 -6Hdifmediyl<rcTjen^ 
2,500 grams of cydidhexane and 100 grams TO 
of pyridine. The mlatuiret is (treated witch 
hydrogen at 10° too 15° C. until no furitner 
absonptSton flakes pfliace. 1,540 grams of 2&* 
dimeitlhylsoot^ are obtained (as 

described m Examplle 1), ie. about 100% of 75 
the tfoectetical yidid. 

Example 6 

A palladium catalyst wMah contains 6 grams 
of p'a/Eadium on 150 igrams of oalkium car- 
bonate is .tmeaioed witch a solntion of 1 gcam 80 
of thailQitum tricMoirixie in ddtae bydrodSorio 
acdd whiiLe beaitiuntg. 

After filtering off and drying, the catalyst 
is used for nyicigenaition of 1,520 grams of 
2.6^d£methyd-ootene-24a^ as described 85 
in Example 5. 

In this case ailtscs the absorption of hydros 
gen comes to a complete snaradtsaill after die 
supply of about 245 iimres and die product its 
cbciined as described in Example 1. The yield 00 
is atecsr quanditatuve. 

Example 7 

0.3 kilogram of the catalyst described in 
Example 1 is suspended dba 29.4 IdLogimms of 
2nmetlhyM3iutiine^3Hoi-2 in a sduiriflug vessel 95 
of 40 littines icupaoty. 0.06 kiagr&m cf ammonia 
g^s is fed anto the 'saispension. The mixitatne 
is treatad ait about 30° C. wddh hydrogen 
until for several tours no fuctber absortption 
has taioen ptee. About 8,500 Hares of hydro- 100 
gen are absorbed Afar filtering off the 
aattaJiysflj) 2Hmsd3iyiHhartenew3-<)il-2 is oibiained 
by dkriSairion (as m Example 3) in a quantito- 
dve yiMd. 

Example 8 105 

15 grams of dhe catalyst described m 
Exampile 1 are added no a mixfture of 137 
grams of 3^i(peridinoHbutiine- 100 grams of 
mediano'l and 15 ginams of pripertidiae and the 
whoOe shiaken an a shaking vessed in an atmas- 110 
pbere off ihydroigen unrM no fonriher absorption 
takes place. The catalyst is then filtered off 
and the reaction product dfariffitad , Pure 3- 
piperidino-butene-1 of itne bodiing point 47° 
Do 48° C/8 mm. is obaaincd. * 115 

Example 9 
5 grams of die catalyst described in 
Exampfe 1 are added to a sotaion of 26 gnams 
of l^etihdnyik^Iioihea and- 5 grams of 
p^eridine in 100 igrams of cyclohexane. The 12Q 
niiixiDure is treaited in a ahaknng vessel wiftih 
hydpogen until no furdier aibsanptilon takes 
ptee. It is itihen filtered' and fi»cdona% chV 
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tilled. Pure vanyl<ydbhexane-l of iraKing 
point 5S° to 59° C./39 ran. is chained. 

Example 10 
5 grams cf animal charcoal are (added tt> a 

5 suspension cf 1 'gram of paMadfan in 100 
grams of distilled -water and rceafced witb 
•hydrogen wMt beating until saturation has 
(taken pkce. The mixture is filtered and 
washed wink water. The residue is irreaDed 

10 while hsstim* vfflfo a solution of 1 gram of 
cadmium acetate in 100 grams of warer and 
filtered off. 

- The catalyst fis suspended in 250 grams of 
20% propairgyl aicohSL and shaken at 60° C 

15 in a hydrogen atmosphere. The hydrogen 
absorption comes m a complete standstill 
atftoer the calculated amount for die partial 
hydirogsnation has been absorbed. The mix- 
ture is fi&ered. The bromine absorption of 

20 die aqueous ally! alcohol solution corresponds 
m the iheureitical value. 

Example 11 . 

300 (grams of calcium carbonate are suspen- 
ded in a solution of 140 grams of zinc acetate 

25 in 800 grams of water. White Shaking 
vigorously nhere is added a sotaton of 20 
grams of paiadSimi chloride in 100 paces of 
water. The mixture is heated to 80° C. and 
created wish hydrogen whie shaking until no 

30 further absorption flakes place. Hie mixture 
is "then kept at dhe boil for 30 nnnutss> filtered, 
and the residue dried in vacuo at 70° C 

A rnixture of 29.5 kflograms of 2^erhyl- 
hutine-3-cl-2, 0.06 kilograms of ammoma 3 and 

35 0.3 Hograrns of the catalyst is treated with 
hydrogen in an autoclave at a hydrogen 
pressuire of 20 afcm. at 30° C. until die hydro- 
gen absorption comes no a standstill. When: 
the catalyst has seitaled down the clear cort- 

.40 version widuct is siphoned off. Neither 2- 
mcdiyl-'butMie-3-cil-2 nor 2*meihyl4*utanol-2 
can be traced in dhe cmveraon product. The 
yield cf 2Hme%Mjut:att-3-<3il--2 its practically 
quanti.ta.uve. The catalyst can be used about 

45 20 ico 30 times. Wiflih 0.3 kg of this catalyst 
600 fljo 700 Wograms of pure 2^erihyl4rotiiue i - 
3-ol-2 can be produced'. Similar results arse 
obtained of an equal amount of barium sul- 
phite or finely 'ground activated carbon in- 

50 stead of caloium carbonate is used in preparing 
tsbe caitatyst. 

Example 12 

654 gr ams of etihinyJ^jem-ionoilj obtained; 
by reaction cf bata-ionone with acetylene, are 

55 dissolved in 480 grams of methanol. 15 grams 
of die catalyst detscrabied. in Example 1 and 
0.6 c*™* of an 0.5 normal meibauoftc 
flmm nTifa sctafon are added and ilhe mixture 
created with, hydrogen at axram temperature 

60 under atmospheric pressure. The hydrogen 
absorption comes to a standstill when the 
-quantity calculated for the bydirogenation of 



the ethinyl group into die vinyl group bas 
been absorbed. The catalyst is filtered off 
and flihe reaction mixture distiled. 634 grams 65 
cf vinyMjsfla-ionoi of boiing point 82° C./0.4 
are obtained. 

Example 13 

A (mixture cf 660 grams of isopropenyl 
acetylene, 30 grams of metbylamine, and 20 70 
grams of the catalyst described in Example 
5 are created wdtih hydrogen in a stiinring flask 
at room temperature while shaking until the 
hydrogen absorption oomes to a stand s t i ll . 
The catalyst is filtered off -by suction and tbe 75 
mixture olsaiSed, 620 grams of pure isoprene 
of boaKnig point 34° C/755 mm. being 
obtained. 

Example 14 
A mixture of 1,000 grams of butihe-2-dM- 80 
(1.4) and 150 grams of tbe catalyst described 
m Example 1 are treated with hydrogen at 
80° C and 100 atmospheres in a pressure 
vessel which is provided with a stirrer until . 
the absorption ccmes to a standstill. The cold 85 
reaction mixture is filtered off from the 
catalyst by suction and distilled fractionally. 
There are obtained 920 grams of pure butine- 
dM cf boiling point 132° C./12 mm. and 80 
pants of a resinous residue. 90 

Example 15 
- 1 gram of paladous chloride is dissolved in 
100 - grams of distilled water and heated to 
80° C. The waunn scHution is (treated with 
hydrogen until tbe paiadium salt is com- 95 
j&etely reduced. Hie suspension' is filtered 
and the wet catalyst added to a solution of 
5 grams of zkc acetate in 150 grams of dis- 
tiMed water. This mixture is heated for 10 
minutes (bringing to the boil), filtered and 100 
washed several times with methanol. 

The catalyst thus prepared is suspended in 
84 grams of 2Hmeoh^4jutine-3^i-2, 2 grams 
cf a 33% mediylamine solution are added to 
the mixture and (the mixture (treated with 105 
hydrogen in a shaking autoclave at a hydro- 
gen pressure cf 20 amn. After the absorption 
cf 1 equivalent of hydrogen dhe hydr^genation- 
process comes to a complete standstill. By 
distililaticn (there is obtained pure 2-msthyi- 110 
butine-3-cl-2 of bo£Mng point 96—98° C/ 
755 mm. 

The British Patent Specification No. 
804,788 damns a catalyst which comprises as 
essential catalytic components pafedium 115 
sponge deposited on a substrate comprising a 
mixture of zinc and iron 'hydroxides and/or 
zinc and iron carbonates (mckrding^ basic 
carbonates); ihe gram ammic propciitiion of 
palladium to zinc and iron being of the order 120 
of 2 to 9 cf paiadium to 1 of zinc and 
1 of iron> and we make no claim to such a 
catalyst or its use. Subject to dhe foregoing 
disclaimer what we claim is: — 

1. A process for dhe partial hydrogenation 125 
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of Hmyteffie caa^rads wttendmi die foy<kx»- 
genairion iis canned out in djhe presence of 
a ^palkdikun catalyst vfiMt has been treated 
wffih an aqueous or organic (solution of a sak. 
of a metai of dke igitonpis lib and/or HEb of 
the Mendeleeff periodic tsystgm. 

2. A praceiss as dMmed in Ckim 1 wherah 
dhie catalyst iis applied m a oarafer. 

3. A process as cMined in nbittm 1 or 2 
wherein rtftue (hyctogeniatiioii' is cammed ouit in 
fibe presence of a soflfvent:. 

4. A process as dhaimgd m any of Oanimjs 
1 'Co 3 wihareaiQ tfot nydlragemtiion iis caitriedi can 
m ttoe presence of an amine. 

5. A process for $he jpantial hydrogens 9 ™** 
of ^ acetylene aoimponnds eaibstmtaaMy as , 
cribed in any of die foregoing examples. 



6. Cosmipoiunds oonliadimn^ doable Eiaksges 
waeo obtained (by nhe process chinned in any 
of Claims 1 to 4. 

7. As a new compiosMon of matter a palla- 
dium: caiflaHysr for onse in bydrogenadon pro- 
cesses wnidh (has been treated wiiSi an aqueoms 
or organic solution of a salt of a metal of jftue 
groups Db and/or IHb of <ihe Menddeeff 
periodic system. 

8. As a new campx^tkm of matter a caitaSlyist 

ass daimied Sin Claim 7 aqpdied «o a canrier. 
J. Y. & G. W. JOHNSON, 
47, lioooiln's Inn Fieidsi, 

London, W.C.2, 
Obartoered Patent Agents. 
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